Ref 

# 


Hits 


Search Query 


DBs 


Default 
Operator 


Plurals 


Time Stamp 


LI 


65048 


( 1 435/4 1 435/6 1 435/72.3 1 435/320. 
1 1435/325| 536/23.21 .eels.) 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


An 

OR 


ON 


2005/10/05 08:48 


L2 


63 


11 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L3 


131 


11 and hitoshi.in. 


1 1 f" 1 n/~* r\i m. 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


^**M 

ON 


2005/10/05 08:50 


L4 


1 


13 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


/*\M 

ON 


lAAP/< A/AC AO.CA 

2005/10/05 08:50 


L5 


579 


11 and young. in. 


i i n/*»r\i in. 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


AM 

ON 


2005/10/05 08:50 


L6 


0 


15 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


/-\n 
OR 


ON 


2005/10/05 0o:5U 


L7 


0 


15 and morris.in. 


i r^/^nvi in. 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


1AAC/1A/AC HO.C1 

2005/10/05 08:51 


L8 


157 


11 and morris.in. 


i if* r*i/"*i*ii i o . 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


AN 1 

ON 


A/AC AO.C1 

2005/10/05 08:51 


L9 


0 


18 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L10 


5 


mre-11 


i i c- i-*/ - "* n i in . 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


An 

OR 


ON 


IAAf/1 A/AC AO.C1 

2005/10/05 08:51 


Lll 


113 


mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


AM 

ON 


2005/10/05 08:51 


L12 


0 


111 and morris.in. 


Ub-rbrUB, 

USPAT; 
EPO; JPO; 
DERWENT 


UK 


AM 

UIM 
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L13 


44301 


young. in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:53 


L14 


1 


113 and "cancer gene sets" 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


LI 5 


0 


114 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


L16 


0 


114 and "DNA repair" 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


L17 


32 


morris.in. and engelhard.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


L18 


0 


117 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:09 


L19 


289 


bevilacqua.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:09 


L20 


1 


119 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:10 


L21 


0 


"6692916".in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:10 


L22 


116597 


hitoshi.in. or demo.in. or jenkins. 
in. or rigel$.as. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/05 09:19 


L23 


225 


122 and 11 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/05 09:19 


L24 


1 


123 and mrell 


i if* r>/^m in. 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


/■\rr 

OFF 


2005/10/05 09:19 
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Ref 
# 


Hits 


Search Query 


DBs 


Default 
Operator 


Plurals 


Time Stamp 


LI 


65048 


( 1 43 5/4 1 43 5/6 1 43 5/72 . 3 1 43 5/320 . 
1 1 435/325 1 536/23 . 2 1 .eels. ) 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:48 


L2 


63 


11 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L3 


131 


11 and hitoshi.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L4 


1 


13 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


/*-\ ft 1 

ON 


2005/10/05 08:50 


L5 


579 


11 and young. in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L6 


0 


15 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L7 


0 


15 and morris.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


innr a/at ao.ci 

2005/10/05 08:51 


L8 


157 


11 and morris.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L9 


0 


18 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L10 


5 


mre-11 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


Lll 


113 


mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L12 


0 


111 and morris.in. 


1 IC Dl*""DI ID* 

Ub-P-orUD, 
USPAT; 
EPO; JPO; 
DERWENT 


UK 


UN 


ZUUd/IU/Ud Uo.bo 
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L13 


44301 


young.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:53 


L14 


1 


113 and "cancer gene sets" 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


LI 5 


0 


114 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


L16 


0 


114 and "DNA repair" 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


L17 


32 


morris.in. and engelhard.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:54 


L18 


0 


117 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:09 


L19 


289 


bevilacqua.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:09 


L20 


1 


119 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:10 


L21 


0 


"6692916".in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 09:10 


L22 


116597 


hitoshi.in. or demo.in. or jenkins. 
in. or rigel$.as. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/05 09:19 


L23 


225 


122 and 11 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/05 09:19 


L24 


1 


123 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/05 09:19 
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Ref 

# 


Hits 


Search Query 


DBs 


Default 
Operator 


Plurals 


Time Stamp 


LI 


116597 


hitoshi.in. or demo.in. orjenkins. 
in. or rigel$.as. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:31 


L2 


121 


MRE11 or ((meiotic near2 
recombination) near2 "11") 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:32 


L3 


2 


11 and 12 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:33 


L4 


50435 


cell near2 proliferation 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


•~\t*\f\r I* r\if\A i n.T>i 

2005/10/04 17:34 


L5 


56 


cell near2 chemosensitivity 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:34 


L6 


39 


12 and 14 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:34 


L7 


39 


12 and 16 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:34 


L8 


49188 


(screening or screen or assay) 
with compound 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:35 


L9 


15 


16 and 18 


i n\^rsi in 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 17:35 


L10 


87179 


"drug screen" or "therapeutic 
agent" 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/04 18:36 


Lll 


3 


NBS1 WITH RAD 


■ i n^ni in 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/04 18:36 


L12 


20883 


engelhard.in. or morris.in. 


i ir* r*»/""" r>i in . 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/04 lo:37 
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L13 


39777 


PC3 or HI299 or MDA or MB-231 
or MCF7 or A549 or hela 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


f\ fc 1 

ON 


2005/10/04 18:37 


L14 


495077 


(system or method or process) 
WITH (identification or identifying 
or isolation or isolating) 


i if n/^ni in 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


*^r\f\f /^ r\ tf\A •* o.^i 

2005/10/04 18:37 


L15 


42 


110 and 12 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


lrtrtr/1ft/Ay1 10.00 

2005/10/04 18:38 


L16 


45 


113 and 12 « 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 18:38 


L17 


1 


116 and 11 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 18:39 


L18 


0 


116 and 112 


i i f r\f* n i in. 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


f\r\ 

OR 


OFF 


A / A /1 1COO 

2005/10/04 lo:3o 


L19 


27 


14 and 15 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


f\ft~ 
OFF 


TAA C" 1-4 A lt\A i n.?o 

2005/10/04 18:39 


L20 


0 


119 and 11 


i if f* r\ i in 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


f\ r\ 

OR 


f\ff 
OFF 


~) r\ A f~ / •< r\ ir\A i O . /I A 

2005/10/04 18:40 


L21 


35 


18 and 12 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


OFF 


2005/10/04 18:40 


L22 


0 


121 and 11 


■ if n/^ni in 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


f\ff 
OFF 


2005/10/04 18:40 


L23 


0 


121 and 112 


i if r\fr>i in 

US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


f\fr- 
OFF 


2005/10/04 18:40 


L24 


23 


121 and 110 


US-PGPUd; 
USPAT; 
EPO; JPO; 
DERWENT 


UK 


Urr 


ZUUb/iU/lrl > lo.nl 
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1 *1 c 

L25 


10 


124 and 113 


US-PGPUB; 


OR 


OFF 


2005/10/04 18:40 








USPAT; 














EPO; JPO; 














DERWENT 
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Document ID 


Title 


16 


US 

20030188326 
Al 


Methods and compositions 
for the diagnosis of 

and defective DNA repair 
mechanisms and treatment 
thereof 


17 


US 

20030022263 
Al 


ATM kinase modulation for 
screening and therapies 


18 


US 6747137 Bl 


1 V U U 1 C i U CL\ L LJ. OCLjUCllL/CO 

relating to Candida 
albicans for diagnostics 
and therapeutics 


19 


US 6692916 B2 


Systems and methods for 

rhp r^rfpri 7 i nrr p\ 

biological condition or 
aaent usinc orecision 
gene expression profiles 


20 


US 6387640 Bl 


ATM kinase modulation for 
screening and therapies 


21 


US 6348311 Bl 


ATM kinase modulation for 
screening and therapies 






Disruption of the 
mammalian Rad51 protein 
and disruption of 

nrnfoi nc }n t~ p QQnri ;3 t~ P> 
pi.ULt:JLXlo LllciU aooUl/iaLC 

with mammalian Rad51 for 
hindering cell 
proliferation 


23 


US 6037125 A 


Disruption of the 
mammalian RAD51 protein 
and disruption of 
proteins that associate 
with mammalian RAD51 for 

h "i hHpti nn pp 1 1 

llj.il \JL \^ L J. 1 1U -L -L. 

proliferation and/or 
viability of 
proliferating cells 



10/4/05, EAST Version: 2.0.1.4 





Document ID 


Title 


9 


US 

20040110227 
Al 


Methods and systems for 
identifying putative 
fusion transcripts, 
polypeptides encoded 
therefrom and 
nnl vnnri pnt i rip sponpnrp'i 
related thereto and 
methods and kits 
utilizing same 


10 


US 

20040097446 
Al 


Modulation of checkpoint 
kinase. 1 expression 


11 


US 

20040091926 
Al 


PnmDn s i t* i on s nrn^ni situs 
and methodologies 
employing a novel human 
protein phosphatase 


12 


US 

20040077090 
Al 


Whole cell engineering by 
mutagenizing a 

snhs t~ ^ n t" \ ^ 1 nnrl" l on of Fi 

O KjLkJ O Lull L±U-L ^JUl LI vll \J J- CI 

starting genome, 
combining mutations, and 
optionally repeating 


13 • 


US 

20040038207 
Al 


Gene expression in 
bladder tumors 


14 


US 

20040023235 
Al 


Methods for detecting dna 
damage and screening for 
cancer therapeutics 


15 


US 

20030207451 
Al 


Methods, compositions, 
and kits for enhancing 
oligonucleotide -mediated 
nucleic acid sequence 
alteration using 
compositions comprising a 
hi stonp r]p3ppt"vl3 L sp 
inhibitor, lambda phage 
beta protein, or 
hydroxyurea 



10/4/05, EAST Version: 2.0.1.4 





Document ID 


Title 


1 


US 

20040225449 
Al 


Systems and methods for 

V — 1 i C_l J_ C-i V L<3 X. -1- Lj J. 1 1U d 

biological condition or 
agent using selected gene, 
expression profiles 


2 


US 

20040225448 
Al 


Systems and methods for 

biological condition or 
agent using selected gene 
expression profiles 


3 


US 

20040225447 
Al 


Systems and methods for 

v — 1 lU 1 Cl V L_ \3 -L -L ill J. 1 1U CI 

biological condition or 
agent using selected gene 
expression profiles 


4 


US 

20040225446 
Al 


Systems, and methods for 

ph^r^pfpri 7i nn ^ 

V 1 1 C3. J_ d V l_ v3 J_ _L L. ± 1 1U CI 

biological condition or 
agent using selected gene 
expression profiles 


5 


US 

20040225445 
Al 


Systems and methods for 

ph^r^pfpri yinrr ?t 

L/llQlQULClX^-LllvJ CI 

biological condition or 
agent using selected gene 
expression profiles 


6 


20040224333 
Al 


Systems and methods for 

p , h^TPP , t"P*Ti 7i nrr ^ 
L/iiai uc J L <l> x 1 iu d 

biological condition or 
agent using selected gene 
expression profiles 


7 


nc 
u o 

20040224322 
Al 


Systems and methods for 

biological condition or 
agent using selected gene 
expression profiles 


8 


US 

20040219568 
Al 


Systems and methods for 

ph^rppfpri 71 nrr ^) 

biological conditions or 
agent using selected gene 
expression profiles 
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Document ID 


Title 


8 


US 

20030207451 
Al 


Methods, compositions, 
and kits for enhancing 
oligonucleotide-mediated 
nucleic acid sequence 
alteration using 
compositions comprising a 

inhibitor, lambda phage 
beta protein, or 
hydroxyurea 


9 


US 

20030188326 
Al 


Methods and compositions 
for the diagnosis of 

ppnppr ^nsrpnH hi 1 i "hi ps 

QllOul O U U V»o l_ JL -1 1 L J_ v^, O 

and defective DNA repair 
mechanisms and treatment 
thereof 


10 


US 6747137 Bl 


Nucleic acid sequences 
relating to Candida 
albicans for diagnostics 
and therapeutics 



10/4/05, EAST Version: 2.0.1.4 





Document ID 


Title 


1 


20040225449 
Al 


Systems and methods for 

V lluLOL-LCJ — L ^±11U CI 

biological condition or 
agent using selected gene 
expression profiles 


2 


US 

20040110227 

ri-L 


Methods and systems for 
identifying putative 
fusion transcripts, 
polypeptides encoded 
therefrom and 

J_ y 1 1 U. O -L t3 \J L. J- uC^UCIlLCO 

related thereto and 
methods and kits 
utilizing same 


3 


us 

20040097446 
Al 


Modulation of checkpoint 
kinase 1 expression 


4 


US 

20040091926 
Al 


Horn "on ^ i 1" i nn ^ nrrr^n i Qrn q 

\^Jl I L w O J_ \ L Ul 1 O f ^J-L U al 11 OHIO 

and methodologies 
employing a novel human 
protein phosphatase 


5 


US 

20040077090 
Al 


Whole cell engineering by 
mutagenizing a 

QnV^Qt" ^nt" "i ^ 1 nnrt i c\T\ p> ~F 7\ 
o lixjo Leu l l. jl a x |JUi uj-^jii \j ±- a 

starting genome, 
combining mutations, and 
onf ionallv reoeatina 


6 


US 

20040038207 
Al 


Gene expression in 
bladder tumors 


7 


US 

20040023235 
Al 


Methods for detecting dna 
damage and screening for 
cancer therapeutics 
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Document ID 


Title 


1 


US 

20030027167 
Al 


MRE11: modulation of 
cellular proliferation 
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Ref 

# 


Hits 


Search Query 


DBs 


Default 
Operator 


Plurals 


Time Stamp 


LI 


65048 


( 1 435/4 1 435/6 1435/72.3 1 435/320. 
1 1 435/325 1 536/23.2 1 ,ccls. ) ; 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:48 


L2 


63 


11 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L3 


131 


11 and hitoshi.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L4 


1 


13 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L5 


579 


11 and young. in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L6 


0 


15 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:50 


L7 


0 


15 and morris.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L8 


157 


11 and morris.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L9 


0 


18 and mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


L10 


5 


mre-11 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


Lll 


113 


mrell 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


OR 


ON 


2005/10/05 08:51 


LI 2 


0 


111 and morris.in. 


US-PGPUB; 
USPAT; 
EPO; JPO; 
DERWENT 


An 

OR 


ON 


2005/10/05 08:53 
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AB In this study, we examined DNA repair synthesis in human cells 
treated with the radiomimetic drug bleomycin, which efficiently 
induces double-strand breaks (DSBs) . Using tyramide-biotin to amplify 
fluorescent signals, discrete nuclear foci from the incorporation of 
5-iododeoxyuridine (IdU) were detected in proliferating human cells 
treated with bleomycin. We believe this comes from the 
repair of DSBs. An increase in the number of foci (> 5 per 
nucleus) was detected in a major fraction (75%) of non-S-phase cells 
labeled for 30 min with IdU 1 h after the end of bleomycin 
treatment. The fraction of cells with multiple IdU-containing foci was 
found to decrease 18 h after treatment. The average number of foci per 
nucleus detected 1 h after bleomycin treatment was found to 
decrease twofold between 1 and 3.5 h, indicating that the foci may be 
associated with the slow component of DSB repair. . The presence 
of DSBs in bleomycin- treated cells was confirmed using 
antibodies against phosphorylated histone H2AX (y-H2AX) , which is 
strictly associated with this type of DNA damage. 

After treatment with bleomycin, non-S-phase cells also displayed 
heterogeneous nuclear foci containing tightly bound proliferating 
cell nuclear antigen (PCNA) , suggesting an ongoing process of 
unscheduled. DNA synthesis. PCNA is known to be involved in base excision 
repair, but a fraction of the PCNA foci may also be associated 
with DNA synthesis occurring during the repair of DSBs. 
.COPYRGT. 2001 by Radiation Research Society. 



enhanced in transformed XPV cells, indicating the activation of a 
recombination pathway. We now have identified that XPV cells make use of 
a homologous recombination pathway involving the hMrell/hRad50/Nbsl 
protein complex, but not the RadSl recombination pathway. The hMrell 
complexes form at arrested replication forks, in association with 
proliferating cell nuclear antigen. In x-ray-damaged cells, in contrast, 
there is no association between hMrell and proliferating cell nuclear 
antigen. This recombination pathway assumes greater importance in 
transformed XPV cells that lack a functional p53 pathway and can 
be detected at lower frequencies in excision-defective XPA fibroblasts and 
normal cells. DNA replication arrest after UV damage, and the associated 
S phase checkpoint, is therefore a complex process that can recruit a 
recombination pathway that has a primary role in repair of double-strand 
breaks from x-rays. The symptoms of elevated solar carcinogenesis in XPV 
patients therefore may be associated with increased genomic rearrangements 
that result from double-strand breakage and rejoining in cells of the skin 
in which p53 is inactivated by UV-induced mutations. 
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AB To investigate molecular controls of cardiomyocyte proliferation, we 

utilized cardiomyocytes induced to proliferate indefinitely by SV40 large 

T antigen (T-ag) . In the T-ag-immortalized AT-1, AT-2 and HL-1 

cardiomyocytes, normal cellular proteins associating with T-ag and 

p53 were identified, isolated and micro-sequenced . Peptide 

sequencing revealed that proteins of 90, 100 and 160 kDa were homologs of 

MRE11, NBS1 and RAD50, respectively. These three proteins play 

critical roles in the detection and repair of DNA double-strand breaks, 

activation of cell cycle checkpoints and telomere maintenance. In this 

report, we describe the cDNA cloning and double-strand sequencing of the 

rat homologs of MRE11, NBS1 and RAD50. We also determined the 

mRNA and protein levels of MRE11, NBS1 and RAD50 at different 

stages of heart development and in different tissues. MRE11 

mRNA was only detected in the immortalized cardiomyocytes and in the 

testes. Although the 90 kDa MRE11 protein was seen in most 

samples examined, it was only detected at extremely low levels in 

proliferating cardiomyocytes (normal and immortalized). The 6.0 kb 

MKEll-related mRNA transcript (MRT) was seen in all samples 

examined. Levels of both NBS1 and RAD50 mRNA transcripts peaked in the 

heart at postnatal day 10. NBS1 mRNA levels were at very low levels in 

the T-ag-immortalized AT-1, AT-2 and HL-1 cells but NBS1 protein was 

observed at extremely high levels. We propose that SV40 large T antigen's 

interaction with the MRE11-NBS1-RAD50 pathway and with 

p53 ablates critical cell cycle checkpoints and that this is one 

of the major factors involved in the ability of this oncoprotein to 

immortalize cardiomyocytes. 
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p53 binding protein 1 (53BP1) , a protein proposed to function as 
a transcriptional coactivator of the p53 tumor suppressor, has 
BRCT domains with high homology to the Saccharomyces cerevisiae Rad9p DNA 
damage checkpoint protein. To examine whether 53BP1 has a role in the 
cellular response to DNA damage, we probed its intracellular localization 
by immunofluorescence. In untreated primary cells and U20S osteosarcoma 
cells, 53BP1 exhibited diffuse nuclear staining; whereas, within 5-15 min 
after exposure to ionizing radiation (IR), 53BP1 localized at discreet 
nuclear foci. We propose that these foci represent sites of 'processing of 
DNA double-strand breaks (DSBs), because they were induced by IR and 
chemicals that cause DSBs, but not by ultraviolet light; their peak number 
approximated the number of DSBs induced by IR and decreased over time with 
kinetics that parallel the rate of DNA repair; and they colocalized with 
IR-induced Mrell/NBS and gamma-H2AX foci, which have been 
previously shown to localize at sites of DSBs. Formation of 53BP1 foci 
after irradiation was not dependent on ataxia-telangiectasia mutated 
(ATM), Nijmegen breakage syndrome (NBS1) , or wild-type p53. 

Thus, the fast kinetics of 53BP1 focus formation after irradiation and the 
lack of dependency on ATM and NBS1 suggest that 53BP1 functions early in 
the cellular response to DNA DSBs. 
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The potential role of p53 in DNA double-strand 
break rejoining. 
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Ataxia telangiectasia mutated (ATM) phosphorylates p53 protein 
in response to ionizing radiation, but the complex phenotype of AT cells 
suggests that it must have other cellular substrates as well. To identify 
substrates for ATM and the related kinases ATR and DNA-PK, we optimized in 
vitro kinase assays and developed a rapid peptide screening method to 
determine general phosphorylation consensus sequences. ATM and ATR 
require Mn(2+), but not DNA ends or Ku proteins, for optimal in vitro 
activity while DNA-PKCs requires Mg(2 + ), DNA ends, and Ku proteins. From 
p53 peptide mutagenesis analysis, we found that the sequence S/TQ 
is a minimal essential requirement for all three kinases. In addition, 
hydrophobic amino acids and negatively charged amino acids immediately 
NH (2 ) -terminal to serine or threonine are positive determinants and 
positively charged amino acids in the region are negative determinants for 
substrate phosphorylation. We determined a general phosphorylation 
consensus sequence for ATM and identified putative in vitro targets by 
using glutathione S-transf erase peptides as substrates. Putative ATM in 
vitro targets include p95/nibrin, Mrell, Brcal, Radl7, PTS, WRN, 
and ATM (S440) itself. Brca2, phosphatidylinositol 3-kinase, and DNA- 5 B 
peptides were phosphorylated specifically by ATR, and DNA Ligase IV is a 
specific in vitro substrate of DNA-PK. 
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Several newly identified tumor suppressor genes including ATM, NBS1, BRCA1 
and BRCA2 are involved in DNA double-strand break repair (DSBR) and DNA 
damage-induced checkpoint activation. Many of the gene products involved 
in checkpoint control and DSBR have been studied in great detail in yeast. 
In addition to evolutionarily conserved proteins such as Chkl and Chk2, 
studies in mammalian cells have identified novel proteins such as 
p53 in executing checkpoint control. DSBR proteins including 
Mrell, Rad50, Rad51, Rad54, and Ku are present in yeast and in 
mammals. Many of the tumor suppressor gene products interact with these 
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repair proteins as well as checkpoint regulators, thus providing a 
biochemical explanation for the pleiotropic phenotypes of mutant cells. 
This review focuses on the proteins mediating Gl/S, S, and G2/M checkpoint 
control in mammalian cells. In addition, mammalian DSBR proteins and 
their activities are discussed. An intricate network among DNA damage 
signal transducers, cell cycle regulators and the DSBR pathways is 
illustrated. Mouse knockout models for genes involved in these processes 
have provided valuable insights into their function, establishing genomic 
instability as a major contributing factor in tumorigenesis . 
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kinase Chk2 has a key role in delaying cell cycle 
response to DNA damage. Upon activation by low-dose 
ionizing radiation (IR) , which occurs in an ataxia telangiectasia mutated 
(ATM) -dependent manner, Chk2 can phosphorylate the mitosis-inducing 
phosphatase Cdc25C on an inhibitory site, blocking entry into mitosis, and 
p53 on a regulatory site, causing G(l) arrest. Here we show that 
the ATM-dependent activation of Chk2 by gamma- radiation requires Nbsl, 
the gene product involved in the Nijmegen breakage syndrome (NBS) , a 
disorder that shares with AT a variety of phenotypic defects including 
chromosome fragility, radiosensitivity, and radioresistant DNA synthesis. 
Thus, whereas in normal cells Chk2 undergoes a time-dependent increased 
phosphorylation and induction of catalytic activity against Cdc25C, in NBS 
cells null for Nbsl protein, Chk2 phosphorylation and activation are both 
defective. Importantly, these defects in NBS cells can be complemented by 
reintroduction of wild- type Nbsl, but neither by a carboxy- terminal 
deletion mutant of Nbsl at amino acid 590, unable to form a complex with 
and to transport Mrell and Rad50 in the nucleus, nor by an Nbsl 
mutated at Ser343 (S343A), the ATM phosphorylation site. Chk2 nuclear 
expression is unaffected in NBS cells, hence excluding a mislocalization 
as the cause of failed Chk2 activation in Nbsl-null cells. Interestingly, 
the impaired Chk2 function in NBS cells correlates with the inability, 
unlike normal cells, to stop entry into mitosis immediately after 
irradiation, a checkpoint abnormality that can be corrected by 
introduction of the wild-type but not the S343A mutant form of Nbsl. 
Altogether, these findings underscore the crucial role of a functional 
Nbsl complex in Chk2 activation and suggest that checkpoint defects in NBS 
cells may result from the inability to activate Chk2 . 
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human BRCT protein that was originally identified as a 



p53-interacting protein by the Saccharomyces cerevisiae two-hybrid 
screen. Although the carboxyl-terminal BRCT domain- shows similarity to 
Crb2, a DNA damage checkpoint protein in fission yeast, there is no 
evidence so far that implicates 53BP1 in the checkpoint. We have 
identified a Xenopus homologue of 53BP1 (XL53BP1) . XL53BP1 is associated 
with chromatin and, in some cells, localized to a few large foci under 
normal conditions. Gamma-ray irradiation induces increased numbers of the 
nuclear foci in a dose-dependent manner. The damage-induced 53BP1 foci 
appear rapidly (in 30 min) after irradiation, and de novo protein 
synthesis is not required for this response. In human cells, 53BP1 foci 
colocalize with Mrell foci at later stages of the postirradiation period. 
XL53BP1 is hyperphosphorylated after X-ray irradiation, and inhibitors of 
ATM-related kinases delay the relocalization and reduce the 
phosphorylation of XL53BP1 in response to X-irradiation . In AT cells, 
which lack ATM kinase, the irradiation-induced responses of 53BP1 are 
similarly affected. These results suggest a role for 53BP1 in the DNA 
damage response and/or checkpoint control which may involve signaling of 
damage to p53. 
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Polymerase eta deficiency in the xeroderma pigmentosum 
variant uncovers an overlap between the S phase checkpoint 
and double-strand break repair. 

Limoli, Charles L.; Giedzinski, Erich; Morgan, William F. ; 
Cleaver, James E. [Reprint author] 

Department of Dermatology, Cancer Center, University of 
California, San Francisco, CA, 94143-0808, USA 
Proceedings of the National Academy of Sciences of the 
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pp. 7939-7946. print. 
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Entered STN: 30 Aug 2000 
Last Updated on STN: 8 Jan 2002 
The xeroderma pigmentosum variant (XPV) is a genetic disease involving 
high levels of solar-induced cancer that has normal excision repair but 
shows defective DNA replication after UV irradiation because of mutations 
in the damage-specific polymerase hRAD30. We previously found that the 
induction of sister chromatid exchanges by UV irradiation was greatly 
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SURVIVAL OF HUMAN LYMPHO BLASTOID CELLS AFTER DNA 
DAMAGE MEASURED BY GROWTH IN MICRO TITER WELLS. 
KRAEMER K H [Reprint author]; WATERS H L; BUCHANAN 
LAB MOL CARCINOGENESIS, NATL CANCER INST, 
20205, USA 

Mutation Research, (1980) Vol. 
CODEN: MUREAV. ISSN: 0027-5107. 
Article 
BA 

ENGLISH 

Survival of cells in suspension culture after treatment with damaging 
agents is usually measured by extrapolation from growth curves or by 
growth of colonies in soft agar. A survial assay was developed which 
measures the ability of small numbers of cells to initiate microscopic 
cultures in wells of microtiter plates without agar or feeder layers. 
Suitable human lymphoblastoid lines were obtained by selection of rapidly 
growing cultures from microtiter wells in which < 200 cells were 
inoculated in 0.2 ml RPMI 1640 medium and incubated at 37° with 5% 
C02 at 95% relative humidity. Survival after damage was measured by 
inoculating groups of 24 microtiter wells with appropriate serial 
dilutions of cells. The wells were examined microscopically at intervals 
and scored for evidence of cell proliferation. 

Survival was calculated with the Poisson formula on the basis of the 
fraction of wells in which cells were not proliferating. Survival did not 
change appreciably after 2-3 wk incubation. Survival measured by the 
microtiter-well assay was similar to survival measured by extrapolation 
from growth curves after damaging the cells with bleomycin or 
with 8-methoxypsoralen plus long-wavelength UV radiation. The 
microtiter-well assay affords a simple, accurate measure of cell 
survival in human lymphoblastoid cells with suitable growth ability. 
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AB We have sequenced p53 in three colon cancer cell lines capable 
of autonomous proliferation. SNU-C1 and SNU-C4 cells, whose 
autonomous growth is dependent upon autocrine stimulation of epidermal 
growth factor receptor (EGFR) , had wild-type p53 sequence of exons 4-9. 
In contrast, an EGFR ligand-independent cell line, SNU-C5, had 
heterozygous missense mutations affecting codons 218 (valine to leucine) 
and 248 ( arginine to tryptophan) of p53. Bacterial cloning of p53 from 
SNU-C5 cells showed that the 248trp and 2181eu mutants were both expressed 
and on separate alleles. 248trp is a common 'hot spot 1 mutant of p53 with 
variable dominant negative activity depending on the cellular context. 
Valine 218, in contrast, is rarely affected by mutation in cancers and is 
located in a region of the hydrophobic core domain away from 'hot spot 1 
DNA contact sights. However, valine 218 is completely conserved across 
species, prompting us to investigate the function of 2181eu in SNU-C5 
cells. SNU-C5 cells exhibited complete loss of normal p53 function as 
evidenced by over-expression of p53 protein and by failure to show 
Induction of p53, waf-1, mdm-2 or Gl/S arrest in response to the DNA 
damaging agent, bleomycin. In a yeast p53 functional assay 
( FAS AY ) , 50% of the clones were unable to transactivate a p53-specific 
promoter required for yeast colony expansion at 25, 30 or 37 degree C. 
Sequencing of the p53 insert from several randomly selected wild-type and 
mutant yeast clones revealed that 2181eu-bearing clones retained their 
ability to transactivate the p53-specific promoter. As expected, the 
248trp-bearing clones lost this function. These data indicate that 
although 2181eu retains normal transactivation activity on a p53 promoter 
in yeast at physiological temperatures, it is not capable of normal p53 
function in the presence of a 248trp allele in SNU-C5 cells. It remains 
unclear whether the strong dominant negative activity of 248trp in SNU-C5 
cells is related to the cellular context or to an unresolved abnormality 
of 2181eu function. 
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Agents that cause DNA double strand breaks lead to 
pl6(INK4a) enrichment and the premature senescence of 
normal fibroblasts . 
Robles S.J.; Adami G.R. 
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The occurrence of DNA double strand breaks induces cell cycle 
arrest in mortal and immortal human cells. In normal, mortal fibroblasts 
this block to proliferation is permanent. It depends on the 
growth regulator p53 and a protein p53 induces, the cyclin dependent 
kinase inhibitor, p21. We show here that following DNA 
damage in mortal fibroblasts, the induction of p21 and p53 is to a 
large degree shortlived. By 8 days after a brief exposure to DNA strand 
breaking agents, bleomycin or actinomycin D, p53 protein is at 
baseline levels, while the p53 transactivation level is only slightly 
above its baseline. By this time the concentration of p21 protein, which 
goes up as high as 100-fold shortly after treatment, is down to just 
2-4-fold over baseline levels. Following the drop in p21 concentration a 
large increase in the expression level of the tumor suppressor gene 
pl6(INK4a) is observed. This scenario, where a transient increase in p21 
is followed by a delayed induction of pl6(INK4a), also happens with the 
permanent arrest that occurs with cellular senescence. In fact, these 
cells treated with agents that cause DNA double strand breaks share a 
number of additional markers with senescent cells. Our findings indicate 
that these cells are very similar to senescent cells and that they have 
additional factor (s) beside p21 and p53 that maintain cell cycle 
arrest. 



2002/0124279 -Mahajan 

[0005] In summary, MRE1 1 is an important gene involved in meiotic and mitotic 
recombination, as well as homologous and non-homologous recombination. Thus, 
this single protein participates in multiple pathways that are often competing 
with each other such as double-strand break (DSB) formation in meiosis and DSB 
repair (via non-homologous end joining pathway) in mitosis. A very recent 
study by Furuse M, et al. employed two specific mutants of yeast Mrel 1 to 
elucidate this phenomenon (Furuse M, et al. EMBO J. 17:6412-6425; 1998). A 
point mutation in Mrel 1 (Aspl6Ala) completely abolished the nuclease activity, 
without any change in DNA binding activity. This mutation also conferred MMS 
sensitivity to mitotic cells and caused them to accumulate unprocessed DSBs 
during meiosis. However, another mutant carrying a deletion of 49 C-terminal 
amino acids had almost wild-type levels of nuclease activity but reduced DNA 
binding activity. The mitotic phenotypes of this mutant were essentially 
unchanged, but the meiotic DSB formation was reduced dramatically. These 
results indicate the presence of two distinct functional domains on the Mrel 1 
protein, an N-terminal region specifically involved in mitotic functions and a 
C-terminal 49 amino acid domain involved in the meiotic DSB formation. Thus, 
interactions of different domains with other proteins (such as Rad50 and 
Xrs2/P95) may be an underlying mechanism for the distinct roles of Mrel 1 in 
meiosis and mitosis (Usui T et al., Cell 95:705-716, 1998). Whatever 
mechanisms may be involved, it is clear that either null or the N-terminal 
nuclease domain mutants of Mrel 1 are deficient in non-homologous end-joining. 



identified using the C-terminal region of human Rad50 as the bait in a 
yeast two-hybrid screen. Human RINT-1 shares sequence homology 
with a novel protein identified in Drosophila melanogaster, including a 
coiled-coil domain within its N-terminal 150 amino acids , a conserved 
central domain of about 350 amino acids, and a C-terminal region of 90 
amino acids exhibiting 35-38% identity. The conserved central and 
C-terminal regions of RINT-1 are required for its interaction with RadSO. 
While Rad50 and RINT-1 are both expressed throughout the cell cycle, 
RINT-1 specifically binds to Rad50 only during late S and G(2)/M phases, 
suggesting that RINT-1 may be involved in cell cycle regulation. 
Consistent with this possibility, MCF-7 cells expressing an N-terminally 
truncated RINT-1 protein displayed a defective radiation-induced G(2)/M 
checkpoint. These results suggest that RINT-1 may play a role in the 
regulation of cell cycle control after DNA damage. 
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Mrell protein complex prevents 

double-strand break accumulation during chromosomal DNA 
replication. 
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Mrell complex promotes repair of DNA double-strand breaks 
(DSBs). Xenopus Mrell (X-Mrell) has been cloned, and 

its role in DNA replication and DNA damage checkpoint studied in cell-free 
extracts. DSBs stimulate the phosphorylation and 3 f -5' exonuclease 
activity of X-Mrell complex. This induced phosphorylation is 
ATM independent. Phosphorylated X-Mrell is found associated 
with replicating nuclei. X-Mrell complex is required to yield 
normal DNA replication products. Genomic DNA replicated in extracts 
immunodepleted of X-Mrell complex accumulates DSBs as 
demonstrated by TUNEL assay and reactivity to phosphorylated 
histone H2AX antibodies. In contrast, the ATM-dependent DNA damage 
checkpoint that blocks DNA replication initiation is X-Mrell 
independent. These results strongly suggest that the function of X- 
Mrell complex is to repair DSBs that arise during normal DNA 
replication, thus unraveling a critical link between recombination- 
dependent repair and DNA replication. 
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Alteration of gene conversion tract length and associated 
crossing over during plasmid gap repair in 
nuclease-deficient strains of Saccharomyces cerevisiae. 
Symington L S; Kang L E; Moreau S 

Department of Microbiology and Institute of Cancer 
Research, Columbia University College of Physicians and 
Surgeons, 701 West 168th Street, New York, NY 10032, USA.. 
lss5@columbia . edu 
GM54099 (NIGMS) 

Nucleic acids research, (2000 Dec 1) 28 (23) 4649-56. 

Journal code: 0411011. IS:fttr- 1362 - 4962 . 

ENGLAND: United Kingdom 



L18 ANSWER 1 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 

CONTRACT NUMBER: 
SOURCE: 

PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



MEDLINE on STN 
2001490882 MEDLINE 
PubMed ID: 11533244 

Intrachromatid excision of telomeric DNA as a mechanism for 
telomere size control in Saccharomyces cerevisiae. 
Bucholc M; Park Y; Lustig A J 

Department of Biochemistry, Tulane University Health 
Sciences Center, New Orleans, Louisiana 70112, USA. 
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Molecular and cellular biology, (2001 Octj 21 (19) 6559-73. 
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We have previously identified a process in the yeast Saccharomyces 
cerevisiae that results in the contraction of elongated telomeres to 
wild-type length within a few generations. We have termed this process 
telomeric rapid deletion (TRD) . In this study, we use a combination of 
physical and genetic assays to investigate the mechanism of TRD. First, 
to distinguish among several recombinational and nucleolytic pathways, we 
developed a novel physical assay in which Haelll restriction 
sites are positioned within the telomeric tract. Specific telomeres were 
subsequently tested for Haelll site movement between telomeres and for 
Haelll site retention during TRD. Second, genetic analyses have 
demonstrated that mutations in RAD50 and MRE11 inhibit TRD. 
TRD, however, is independent of the Raplp C-terminal domain, a central 
regulator of telomere size control. Our results provide evidence that TRD 
is an intrachromatid deletion process in which sequences near the extreme 
terminus invade end-distal sequences and excise the intervening sequences. 
We propose that the Mrellp-Rad50p-Xrs2p complex prepares the invading 
telomeric overhang for strand invasion, possibly through end processing or 
through alterations in chromatin structure. 
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RINT-1, a Novel Rad50-interacting Protein, Participates in 
Radiation-induced G(2)/M Checkpoint Control. 
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Rad50, an structural maintenance of chromosomes (SMC) protein family 
member, participates in a variety of cellular processes, including DNA 
double-strand break repair, cell cycle checkpoint activation, telomere 
maintenance, and meiosis . Disruption of Rad50 in mice leads to lethality 
during early embryogenesis , indicating its essential function in normal 
proliferating cells. In addition to its ability to form a complex with 
the DNA double-strand break repair proteins Mrell and NBS1, 
Rad50 may interact with other cellular proteins to execute its full range 
of biological activities. A novel 87-kDa protein named RINT-1 was 
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synthesis, mitochondrial DNA synthesis and cell 
proliferation in different cell types of liver, kidney, and 
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In order to measure rates of unscheduled DNA synthesis 
(UDS), mitochondrial DNA synthesis, and cell 
proliferation, i.e. factors relevant in the early phase of 
carcinogenesis, young rats received by gavage 200 mg/kg 

N-nitrosomorpholine (NNM) or vehicle (distilled water) , and were injected 
with 3H-thymidine 24 h later. Autoradiographs from liver, kidney, 
urethra, prostate, seminal vesicle, and ductus deferens were prepared from 
deparaf finized sections, using a 250-day exposure time. In the liver, UDS 
was at least doubled in 2n and 4n hepatocytes . Approximately 3% of these 
hepatocytes exhibited a fourfold increase in UDS. Such strongly labeled 
cells were only observed in the liver following NNM exposure. With the 
exception of renal epithelial cells of the proximal tubule, UDS in 
epithelial cells of bladder, urethra, ductus deferens, seminal vesicle and 
prostate was decreased in NNM-exposed rats. Mitochondrial DNA synthesis 
and cell proliferation were significantly increased 

only in hepatocytes, and were decreased in all other monitored organs in 
NNM-exposed rats. The strongly increased UDS and more moderately 
increased mitochondrial DNA synthesis in a subgroup of hepatocytes suggest 
that possibly some unrepaired damage persists in the DNA of these cells. 
The latter cells may be the precursors of so-called foci of hepatocellular 
alteration, which appear later during the process of carcinogenesis. The 
increased UDS but decreased rate of proliferation in the renal proximal 
tubule cells might be related to renal carcinogenesis which is observed in 
NNM-exposed rats after a long latency period. 
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Monoclonal antibody to HER-2/neureceptor modulates repair 
of radiation-induced DNA damage and enhances 
radiosensitivity of human breast cancer cells 
overexpressing this oncogene. 
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AB The management of human breast cancer frequently includes radiation 

therapy as an important intervention, and improvement in the clinical 
efficacy of radiation is desirable. Overexpression of the HER- 2 growth 
factor receptor occurs in 25-30% of human breast cancers and correlates 
with poor clinical outcome, including earlier local relapse following 
conservative surgery accompanied by radiation therapy. In breast cancer 
cells with overexpression of HER- 2 receptor, recombinant humanized 
monoclonal antibodies (rhuMAbs) to HER- 2 receptors (rhuMAb HER-2) decrease 
cell proliferation in vitro and reduce tumor formation 

in nude mice. Therapy with rhuMAb HER-2 enhances tumor sensitivity to 
radiation at doses of 1-5 Gy, exceeding remission rates obtained with 
radiation alone. This benefit is specific to cells with HER-2 
overexpression and does not occur in cells without overexpression. 
Treatment of cells with radiation (2-4 Gy) alone provokes a marked 
increase in unscheduled DNA synthesis, a measure of 
DNA repair, but HER-2-overexpressing cells treated with 
a combination of rhuMAb HER-2 and radiation demonstrate a decrease of 
unscheduled DNA synthesis to 25-44% Of controls. Using an 
alternate test of DNA repair, i.e., radiation-damaged 
* or undamaged reporter DNA, we introduced a cytomegalovirus-driven 

beta3-galactosidase into HER-2-overexpressing breast cancer cells that had 
been treated with rhuMAb HER-2 or control. At 24 h posttrans f ection, the 
extent of repair assayed by measuring reporter DNA expression was high 
after exposure to radiation alone but significantly lower in cells treated 
with combined radiation and rhuMAb HER-2 therapy. To further characterize 
effects of rhuMAb HER-2 and the combination of antibody and radiation on 
cell growth, analyses of cell cycle phase distribution were performed. 
Antibody reduces the fraction of HER-2-overexpressing breast cancer cells 
in S phase at 24 and 48 h. Radiation treatment is also known to promote 
cell cycle arrest, predominantly at Gl, with low S-phase fraction at 24 
and 48 h. In the presence of rhuMAb HER-2, radiation elicits a similar 
reduction in S phase at 24 h, but a significant reversal of this arrest 
appears to begin 48 h postradiation exposure. The level of S-phase 
fraction at 48 h is significantly greater than that found at 24 h with the 
combined antibody-radiation therapy, suggesting that early escape from 
cell cycle arrest in the presence of antireceptor antibody may not allow 
sufficient time for completion of DNA repair in 

HER-2-overexpressing cells. Because it is well known that failure of 
adequate p21WAFl induction after DNA damage is associated with failure of 
cell cycle arrest, we also assessed the activity of this critical mediator 
of the cellular response to DNA damage. The results show induction of 
p21WAFl transcripts and protein product at 6, 12, and 24 h after radiation 
treatment; however, increased levels of p21WAFl transcript and protein are 
not sustained in HER-2-overexpressing cells exposed to radiation in the 
presence of rhuMAb HER-2. Although transcript and protein levels increase 
at 6-12 h, they are both diminished by 24 h. Levels of p21WAFl transcript 
and protein at 24 h are significantly lower than in cells treated by 
radiation without antibody. A reduction in the basal level of p21WAFl 
transcript also occurred after 12-24 h exposure to antibody alone. The 
effect of HER-2 antibody may be related to tyrosine phosphorylation of 
p21WAFl protein. Tyrosine phosphorylation of p21WAFl is increased after 
treatment with radiation alone, but phosphorylation is blocked by combined 
treatment with antireceptor antibody and radiation. This dysregulation of 
p21WAFl in HER-2-overexpressing breast cells after treatment with rhuMAb 
HER-2 and radiation appears to be independent of p53 expression levels but 
does correlate with reduced levels of mdm2 protein. (ABSTRACT TRUNCATED) 
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AB It has been known that immature rats survive longer than mature rats under 
hyperoxia. Recent studies indicate that DNA biosynthesis and cell 
proliferation might be important in the development of oxygen 
tolerance. To clarify the hypothesis that DNA replication and repair 
might differ between mature and immature rat lungs, we studied DNA 
polymerase (DNA-pol) activity and its molecular forms in lung cells after 
oxygen exposure. DNA-pol activity in immature rat lungs increased during 
hyperoxic exposure, whereas DNA-pol activity in mature rat lungs 
decreased. DNA-pol P, which is thought to be related to nuclear 
DNA repair, and DNA-pol y, believed to be related 

to mitochondrial DNA replication, appeared only in immature rat lungs, but 
not in mature rat lungs. As a measure of DNA synthesis 
, the number of lung cells was found to increase only in immature rat 
lungs. We conclude that nuclear DNA repair and 

mitochondrial DNA replication are well preserved in immature rat lungs and 
that these facts may account for the oxygen tolerance. 



=> 



the SIR gene products ensues through an error-prone DNA repair pathway 
that results in terminal deletions. To identify novel components of the 
Ku-associated DSB repair pathway, we have tested several other candidate 
genes for their involvement in DNA DSB repair, telomeric maintenance and 
TPE. We show that TEL1, a gene required for telomeric length maintenance, 
is not required for either DNA DSB repair or TPE. However, RAD50, 
MRE11 and XRS2 function both in Ku-dependent DNA DSB repair and in 
telomeric length maintenance, although they have no major effects on TPE. 
These data provide important insights into DNA DSB repair and the linkage 
of this process to telomere length homeostasis and transcriptional 
silencing. 
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During meiotic prophase the repair of self-inflicted DNA double-strand 
break (DSB) damage leads to meiotic recombination in yeast. We employed a 
genetic screen to specifically characterize cellular functions 
that become essential after this DSB formation. As a result a new allele 
of MRE11, termed mrellS (for Separation of functions) was 
isolated that allows initiation but not processing and repair of meiotic 
DSBs similar to the well-characterized rad50S allele. In contrast, the 
mrell-1 allele blocks initiation of meiotic DSBs as reported 
previously by others. The mrellS allele, which is mutated in 
of the gene, can partially complement mrell alleles disrupted 
close to the 3 1 end that cannot initiate DSBs when homozygous. This 
suggests homodimerization of the Mrell protein and the 

presence of separate domains for DSB initiation and 5' resection. The 
fact that two genes, RAD50 and MRE11, required for DSB 

processing are also essential for DSB initiation dictates a model in which 
a bifunctional initiation/repair complex is required to initiate meiotic 
recombination. A subset of mrellS nuclei was shown to perform extensive 
but partially nonhomologous synapsis. We propos.e that the unprocessed 
DSBs present in mrellS allow for synapsis, but that homologous synapsis is 
only ensured at a later stage of recombination. 
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Isolation and characterization of the human MRE11 
homologue . 
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AB Mutation of the Saccharomyces cerevisiae RAD52 epistasis group gene, 
MRE11, blocks meiotic recombination, confers profound sensitivity 
to double-strand break damage, and has a hyperrecombinational phenotype in 
mitotic cells. We isolated a highly conserved human MRE11 
homologue using a two-hybrid screen for DNA ligase I-interacting 
proteins. Human MRE11 shares approximately 50% identity with 
its yeast counterpart over the N-terminal half of the protein. 
MRE11 is expressed at the highest levels in proliferating tissues, 
but is also observed in other tissues. The MRE11 locus maps to 
human chromosome llq21 in a region frequently associated with 
cancer-related chromosomal abnormalities. A MREll-related locus 
was found on chromosome 7qll . 2-qll . 3 . 



=> 



L7 ANSWER 1 OF 
ACCESSION NUMBER 
DOCUMENT NUMBER: 
TITLE: 



DUPLICATE 1 



MEDLINE on STN 
2000094337 MEDLINE 
PubMed ID: 10630641 

DNA damage-induced cell cycle checkpoints and DNA strand 
break repair in development and tumorigenesis . 
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identified tumor suppressor genes including ATM, NBS1, BRCA1 
involved in DNA double-strand break repair (DSBR) 

checkpoint activation. Many of the gene products 
control and DSBR have been studied in 

In addition to evolutionarily conserved proteins 
studies in mammalian cells have identified novel 
proteins such as p53 in executing checkpoint control. DSBR 
proteins including Mrell, Rad50, Rad51, Rad54, and Ku are 
present in yeast and in mammals. Many of the tumor suppressor gene 
products interact with these repair proteins as well as checkpoint 
regulators, thus providing a biochemical explanation for the pleiotropic 
phenotypes of mutant cells. This review focuses on the proteins mediating 
Gl/S, S, and G2/M checkpoint control in mammalian cells. In addition, 
mammalian DSBR proteins and their activities are discussed. An 
intricate network among DNA damage signal transducers, cell cycle 
regulators and the DSBR pathways is illustrated. Mouse knockout 
models for genes involved in these processes have provided valuable 
insights into their function, establishing genomic instability as a major 
contributing factor in tumorigenesis. 
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AB A plasmid gap repair assay was used to assess the role of three 
known nucleases, Exol, Mrell and Radl, in the processing of DNA 
ends and resolution of recombination intermediates during double-strand 
gap repair. In this assay, alterations in end processing or 
branch migration are reflected by the frequency of co-conversion of a 
chromosomal marker 200 bp from the gap. Gap repair associated with 
crossing over results in integration at the homologous chromosomal locus, 
whereas the plasmid remains episomal for non-crossover repair events. In 
mrell strains, the frequency of gap repair was reduced 3- to 
10-fold and conversion tracts were shorter than in the wild-type strain, 
consistent with a role for this nuclease in processing double-strand 
breaks. However, conversion tracts were longer in a strain containing the 
nuclease deficient allele, mrell-H125N, suggesting increased end 
processing by redundant nucleases. The frequency of gap repair was 
reduced 2-fold in radl mutants and crossing over was reduced, consistent 
with a role for Radl in cleaving recombination intermediates. The 
frequency of gap repair was increased in exol mutants with a significant 
increase in crossing over. In exol mrell double mutants gap 
repair was reduced to below the mrell single mutant level. 
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AB The yeast Mrell is a multi-functional protein and is known to form a 
protein complex with Rad50 and^Xrs2. In order to elucidate the 
relationship between Mrell complex formation and its mitotic functions, 
and to determine domain(s) required for Mrell protein 

interactions, we performed yeast two-hybrid and functional analyses with 
respect to Mrell DNA repair and telomere maintenance. Evidence presented 
in this study indicates that the N-terminal region of Mrell constitutes 
the core homo-dimerization and heterodimerization domain and is sufficient 
for Mrell DNA repair and maintaining the wild-type telomere length. In 
contrast, a stretch of 134 amino acids from the extreme C-terminus, 
although essential for achieving a full level of self-association, is not 
required for the aforementioned Mrell mitotic functions. Interestingly, 
deletion of these same 134 amino acids enhanced the interaction of Mrell 
with Rad50 and Xrs2, which is consistent with the notion that this region 
is specific for meiotic functions. While Mrell self-association alone is 
insufficient to provide the above mitotic activities, our results are 
consistent with a strong correlation between Mrell-Rad50-Xrs2 complex 
formation, mitotic DNA repair and telomere maintenance. This correlation 
was further strengthened by analyzing two mrell phosphoesterase motif 
mutants (mrell-2 and rad58S) , which are defective in DNA repair, telomere 
maintenance and protein interactions, and a rad50S mutant, which is normal 
in both complex formation and mitotic functions. Together, these results 
support and extend a current model regarding Mrell structure and functions 
in mitosis and meiosis. 
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Cancer progression is often associated with the accumulation of gross 
chromosomal rearrangements (GCRs) , such as translocations, deletion of a 
chromosome arm, interstitial deletions or inversions. In many instances, 
GCRs inactivate tumour-suppressor genes or generate novel fusion proteins 
that initiate carcinogenesis. The mechanism underlying GCR formation 
appears to involve interactions between DNA sequences of little or no 
homology. We previously demonstrated that mutations in the gene encoding 
the largest subunit of the Saccharomyces cerevisiae single-stranded DNA 
binding protein (RFA1) increase microhomology-mediated GCR formation. To 
further our understanding of GCR formation, we have developed a novel 
mutator assay in S. cerevisiae that allows specific detection of 
such events. In this assay, the rate of GCR formation was 
increased 600-5, 000-fold by mutations in RFA1, RAD27, MRE11, 
XRS2 and RAD50, but was minimally affected by mutations in RAD51, RAD54, 
RAD57, YKU70, YKU80, LIG4 and POL30. Genetic analysis of these mutants, 
suggested that at least three distinct pathways can suppress GCRs: two 
that suppress microhomology-mediated GCRs (RFA1 and RAD27) and one that 
suppresses non-homology-mediated GCRs (RAD50/MRE11/XRS2 ) . 
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Components of the Ku-dependent non-homologous end- joining 
pathway are involved in telomeric length maintenance and 
telomeric silencing. 
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In the budding yeast, Saccharomyces cerevisiae, genes in close proximity 
to telomeres are subject to transcriptional silencing through the process 
of telomere position effect (TPE) . Here, we show that the protein Ku, 
previously implicated in DNA double-strand break (DSB) repair and in 
telomeric length maintenance, is also essential for telomeric silencing. 
Furthermore, using an in vivo plasmid rejoining assay, we 
demonstrate that SIR2, SIR3 and SIR4, three genes shown previously to 
function in TPE, are essential for Ku-dependent DSB repair. As is the 
case for Ku-deficient strains, residual repair operating in the absence o 
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Nbsl potentiates ATP-driven DNA unwinding and endonuclease 
cleavage by the Mrell/Rad50 complex. 
Paull T T; Gellert M 

Laboratory of Molecular Biology, National Institute of 
Diabetes and Digestive and Kidney Diseases, National 
Institutes of Health, Bethesda, Maryland 20892-0540, USA. 
Genes & development, (1999 May 15) 13 (10) 1276-88. 
Journal code: 8711660. ISSN: 0890-9369. 
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The Nijmegen breakage syndrome gene product (Nbsl) was shown recently to 
associate in vivo with the Mrell and Rad50 proteins, which play pivotal 
roles in eukaryotic DNA double-strand break repair, meiotic recombination, 
and telomere maintenance. We show in this work that the triple complex of 
recombinant Nbsl, Mrell, and Rad50 proteins binds 

cooperatively to DNA and forms a distinct protein-DNA species. The 
Mrell/Rad50/Nbsl complex displays several enzymatic activities that are 
not seen without Nbsl, including partial unwinding of a DNA duplex and 
efficient cleavage of fully paired hairpins. Unwinding and hairpin 
cleavage are both increased by the presence of ATP. On nonhairpin DNA 
ends, ATP controls a switch in endonuclease specificity that allows 
Mrell/Rad50/Nbsl to cleave a 3 ' -protruding strand at a 

double-/single-strand transition. Mutational analysis demonstrates that 
Rad50 is responsible for ATP binding by the complex, but the ATP-dependent 
activities are expressed only with Nbsl present. 
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Mrell protein complex prevents double- strand 
break accumulation during chromosomal DNA replication. 
Costanzo V.; Robertson K. ; Bibikova M. ; Kim E. ; Grieco D. ; 
Gottesman M. ; Carroll D. ; Gautier J. 
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Mrell complex promotes repair of DNA double-strand breaks 
(DSBs) . Xenopus Mrell (X-Mrell) has been cloned, and 

its role in DNA replication and DNA damage checkpoint studied in cell-free 
extracts.- DSBs stimulate the phosphorylation and 3 ! -5 ! exonuclease 
activity of X-Mrell complex. This induced phosphorylation is 
ATM independent. Phosphorylated X-Mrell is found associated 
with replicating nuclei. X-Mrell complex is required to yield 
normal DNA replication products. Genomic DNA replicated in extracts 
immunodepleted of X-Mrell complex accumulates DSBs as 
demonstrated by TUNEL assay and reactivity to phosphorylated 
histone H2AX antibodies. In contrast, the ATM-dependent DNA damage 
checkpoint that blocks DNA replication initiation is X-Mrell 
independent. These results strongly suggest that the function of X- 
Mrell complex is to repair DSBs that arise during normal DNA 
replication, thus unraveling a critical link between recombination- 
dependent repair and DNA replication. 
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